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ABSTRACT

Three component tests of models of small caliber projectiles (Cal.
.50, Cal. .60, and 20ram) were conducted in the Aberdeen Wind Tunnels
at a Mach Number of 1.72 to provide aerodynamic data at high angles of
attack. These results are to be used for computing the forces and
motion imparted to a projectile mhen fired from high-speed aircraft.
All projectiles were aerodynamically unstable. The addition of
rifling increased the fore drag coeffizient with little effect on
lift and moment curve slopes. The test results are presented in
graphs of aerodynamic coefficients as a function of angles of
attack.

This documnt has been anroved for public release
and sale. its districation is unlnited.
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INTRODUC TION

This report presents the results of tests on three small caliber
projectiles (Cal. .50, Cal. .60, and 20mm) in the Aberdeen Supersonic
Wind Tunnels at the request of the Office of the Chief of Ordnance.
These tests were conducted to determine the stability characteristics
at large angles of attack for the small projectilea, The results of
these tests are to be used to calculate the motion of small projectiles
fired from moving aircraft. Although the projectiles are spin stabilized
in flight, the tests were made w!thout spin, and the results must be
interpreted with this condition in mind. The effect of rifling on the
two small caliber projectiles (.50 and .60) was determined. These
tests were performed at Mach Number 1.72 during the period between
25 Noveroer 1947 and I December 1947.

DRFINITION OF SYMBOL8

P 0 Supply pressure

PTS = Test section static pressure 0

I + U- 6 2
2

Pmb - Pressure on model base

q mb U V2 TS 2
2

L a Lift force

N a Normal force

DT a Total indicated drag

m - Pitching moment about the center of gravity

L
CL a Lift force coefficient -

* N
C a Normal force coefficient - -

N q

DC - Total indicated drag coefficient z DT

qA

CD = Base drag coefficient (- T __________

S
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C u Fore drag coefficient CDT -DB
0 w Pitching monent CoDffiient -

mqA

Re - Reynolds Number * V

w Air density

Al = Viscosity

V W Velocity

VA = Mach Number

- Ratio of specific heats = 1.405

A w Model frontal area . T d2

d w Nximn body diameter
2

& a Model bane area w 2

7j- db

db a Diameter of base

APPARATUS

The tests reported in this Technical Note were performed in the
Bomb Tunnel of the Ballistic Research Igboratories, Aberdeen Proving
Ground. This tunnel is a continuous operation, closed throat, variable
density, supersonic wind tunmel with a 15 by 20 inch rectangular test
section.

The tunnel is equipped with a three-oomponent hydraulic balance

system with the following characteristics%

High Scale Low Scale

Coeaonent Capacity least Count Capacity least Count

Li ; +100 to -100 lb 0.2 lb +25 to -25 lb .05 lb

Drag 0 to 100 lb 0.1 lb 0 to 20 lb .02 lb

Mument +800 to -800 in-lbs 2.0 in-lbs +200 to -200 in-lbs 0.5 in-lb

MODl d

Figures 1, 2, and 3 show the principal dimensions of the model



configurations tested. The models were equipped with effi-.m struts because
of the limitations of the balance range in angle of attack. All the models

tested were two inches in diameter. Figures 4 and 5 show seotinn iews
of the axial and offset strut installations with the lternate bases.
Figures 6 through 14 are photographs of the various models and their
component parts, as well as the support strut and strut fairings. The
models were constructed of aluminum, the strut was made of steel, and
the windshields or strut airings were uiu. fro -.r brass. Each base
section was equipped with three holes to transmit model base pressures
through the hollow supporting strut to an absolute manometer for base
pressure determination.

TEST PROCEDURE

The models were installed on the tunnel center line. Angles of
attack from -10 to +10 degrees were covered with the tunnel at a constant
supply pressure of 49 cm of Hg abs. at M w 1.72. Using the alternate
bases, the angle of attack range from +5 to +25 degrees was covered at
the same supply pressure. Lift, drag, and pitching moments were meas-
ured with the hydraulic balance system. Supply air temperature aml
pressure, model base pressure, and test section static pressure were
also recorded. To prevent flow in the annular space between the mOdel
support strut and strut fairing, the pressure in that space was main-
tained equal to the model base pressure for all conditions. The supply
section total pressure (Po) was measured by a total head tube in a 64-
inch diameter section upstream of the nozzle. The supply temperature
(TO) was measured by thermocouples in the supply section.

During all- tests, the supply pr3ssure was maintained at 49 cm Hg
abs. giving a constant dynamic pressure of 3.61 lbs. per square inch atd
a constant Reynolds Number of 0.21 x 106 per inch. The characteristiv
length of the models was 2 inches. Throughout the test, the supply
section temperature was 1000F, and the supply air specific humidity vas
maintained below .00020 lbs. per lb.

Sohlieren photographs were taken using a parallel beam optisal
system having two 18" mirrors of 15' focal length.

RLSULT

The force and moment data obtained are presented in Figures 15
through 19. All data have been reduced to coefficient form using the
relationships given in the Definition of Symbols. The reference length
of the models was the iAximum body diameter of 2.00 inches. The e.g.
locations chosen for the tests are listed as follows%
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Location in

Model Configuration & a ers from the Base

Caliber .50 1.466

Caliber .60 1.765

20Om 1.719

Figures 20 through 22 show the location of the center of pressure
as a function of angle of attack for all configurations, calculated
from wind tunnel data.

The angles of attack have been corrected for a deflection of the
supporting strut under load. The change in indicated pitching moment
due to strut bending was coaputed and was in all cases smaller than the
uncertainty due to balance inaccuracies. The lift and moment curves
have been translated so that they pass through the origin. This as an
attempt to correct for the variation of flow inclinatign over the pro-
Jeciiles.

Previous tests have shown that the type of support used with
these models can influence the model base pressure, and thus the total
drag, but that, in general, the flow over the portions of the model
other than the base is not affected. The effect of the strut is limited
to the wake, and consequently, appears only as a change in model base
pressure. Accordingly, the drag coefficient data presented in Figures
15 through 19 are obtained by subtracting from the drag coefficients,
determined by the wind tunnel balance results, the base drag coefficients,
determined from measurements of the model base pressure and model baso
area. The resultant fore drag coefficients are felt to be free of strut
interference effects.

Accuracy

In general, the wind tunnel balance system can be expected to have
no error greater than about three least counts. The angle of attack
measurements are considered reliable to within about C.05 degrees. The

resultant uncertaiznties in the coefficients are as followss

CN - 0.005

CD - 0.002

C - 0.026
m

Dl SCUSSION

Drag Data
From the data of Figures 15 through 19, the following values of the



fore diag coefficients at zero angle were obtained.

Table I

Configuration Fore Drag Coefficient

Caliber .50 .162

Caliber .50 (Rifled) .166

Caliber .60 .180

Caliber .60 (Rifled) .182

20mm .270

T'e rifling caused an increase in the drag coefficient as might be

expected.

Normal Force, Moment, and Center of Pressure
Tabe I shwsvales ordCN eom

Table II shows values for dN, e..in at zero degrees angle of attack,do do
and calculated C.P. locations.

Table II

dC- N C.P. Calibers

Configuration d oL d o( From the Base

Caliber .50 .047 .070 2.96

Caliber .50 (Rifled) .047 .073 3.02

Caliber .60 .047 .070 3.26

Caliber .60 (Rifled) .047 .073 3.32

20mm .047 .056 2.91
B

The normal force c irve slope at zero angle of attack for all con--
figurations tested was the same. Rifling produced a small change in
the mcment cirve slope. For the assuned c.g. locations, tabulated on
page 5, all configurations showed an overturning moment, which produces
a destabilizing effect.

Effect of large Angles of Attack

The data indicate that as the angle of attack is ircreased above



about 6 degrees, the o.uter of pressure shifts rearward, and the normal
force curve slope increases. These phenomena appear to be associated
with the thickening of the boundary layer over the after body. Schlieren
photographs of these projectiles show a thick boundary layer region for-
ming first near the back of the upper surface of the body and traveling
forward with increasing angle of attack, see Figures 23 through 26. As
the boundary layer increased with angle of attack, the effective upper
body surface was modified by the accumulation of boundary layer sir. A
cross-sectional view below will illustrate the change in the shape of
the surface.

Bou0MARy LAYER

-CYLIND b ER

FLOW 5TrEAtA

The center of pressure moves further aft, and the normal force curve
slope increases until the angle of attack reaches about 26 degrees. In
the neighborhood of 26 degree3, the variation of center of pressure and
slope of normal force curve is nearly zero. These results appear in
Figures 15 through 22.

Center of pressure locations in calibers from the base for O( = 260
and o( a 00 are listed on the next page.
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Table III

C 260 00 =0

C.P. IDocation in C.P. Location in
Configuration Calibers From Base Calibers From Base

Caliber .50 2.28 2.96

Caliber .50 (Rifled' 2.35 3.02

Caliber .60 2.40 3.26

Caliber .60 (Rifled) 2.45 # 3.32

2Q'nm 2.19 2.91

CONCUSIONS

The entire group of small projectiles tested were found to be aero-
dynamically unstable.

The addition of rifling on the Caliber .50 and .60 projectiles
produced an increase in the fore drag coefficient and slightly increased
the moment curve slope.

At large angles of attack, a rearward travel of the center of
pressure, and an increase in the slope of the normal force curve were
observed. These effects were apparently due to the increasing thickness
of the boundary layer over the upper surface of the after body.
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FIGURE 23, Schleren photograph of the Caliber .60 (rifled) projectile model
at c .25* to centerline Of flow. The offset strut is used.
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FIGURE 25. Schlieren photograph of the Caliber .50 (rifled) projectile model
at ct +5* to centerline of flow. The offset strut Is used.

-19

FIGURE 26. Schlieren photograph of the Caliber .50 (rifled) projectile model
at a = 220 to centerline of flow. The offset strut is used.
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